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Abstract--The effects of p-penicillamine and S-aminopropionitrile on collagen breakdown of carra-
geenin granuloma was studied by measuring the amounts of dialysable hydroxyproline formed during
incubation in vitro of minced granulation tissue from rats treated with the drugs. p-Penicillamine
or ff-aminopropionitrile fumarate were mjected into the granuloma pouch for 7 or 8 days after carra-
geenin injection. The collagenolytic activity of granulation tissue was increased by fi-aminopropionitrile
fumarate treatment. while p-penicillamine was ineffective. The changes in tissue collagenolytic activity
arc discussed in connection with the increased solubility of the tissue collagen.

D-Penicillamine and BAPNf* have been shown 1o
enhance the solubility of tissue collagen and reduce
its tensile strength [1-3]. The increased solubility in
neutral salt solutions reflects the absence of inter- and
intra-molccular cross-links [47]. Neither of the drugs
aflected the rate of collagen synthesis [1, 5], but their
effect on the breakdown of tissue collagen is not vet
well understood. In the present investigation the col-
lagenolytic activity of granulation tissue obtained
from rats treated with p-penicillamine or BAPNI was
studied in connection with the solubility of the tissue
collagen.

EXPERIMENTAL

Treatment of animals. A subcutaneous granuloma
pouch was induced on the back of male rats of the
Donryu strain weighing 110-140 g by injecting a 2°,
solution of Seakem 202 carrageenin (Marine Colloid
Inc., Springfield, N. J., U.S.A.) according to the pro-
cedure previously described [6].

BAPN( (80 mg per rat in a volume of 0.5 ml) was
injected daily into the granuloma pouch for 8 days
commencing the day after carrageenin injection. Con-
trol animals were given 0.99, NaCl. Animals were sac-
rificed 6 hr after the last injection of BAPN{. »-Peni-
cillamine (40 mg per rat in a volume of 0.5 ml, kindly
supplied by Taisho Pharmaceutical Co.. Ltd., Tokyo)
with pyridoxine HCI1 (I mg per rat) was injected into
the granuloma pouch at 12-hr intervals from day |
to day 6. while control animals were given 0.5 ml
of 09%, NaCl. Animals were sacrificed on day 7.
Granulation tissue was harvested from the rats having
a large granuloma pouch immediately after sacrifice.

Incubation in vitro of granulation tissue. The colla-
genolytic activity of granulation tissue was deter-

*The abbreviations used are: BAPNI, B-aminopropioni-
trile Tumarate; NSC, neutral salt-soluble collagen: GSC.
guanidine soluble collagen: 1C. insoluble collagen.
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mined according to the procedure described in a pre-
vious report [7]. Briefly, the minced granulation tis-
suc (800 mg) was incubated under an atmosphere of
95% 05 5%, CO;5 at 35 for 6 hr in & ml of Krebs
saline scrum substitute [8] containing 0.8 mg cach
of potassium penicilline-G and dihydrostreptomycin
sulfate. After incubation. the mixture was homo-
genized in a glass homogenizer at | . The homogenate
was dialysed agamst 50 ml of distilled water at 4
for 5 days. The amount of free hvdroxyprotine in the
dialysate was mcasured by the method of Kivirikko
et al. [9]. The amount of dialysable total hydroxypro-
line was measured by the method of Kivirikko o1 «l.
[9] after hyvdrolysis of an aliquot of the dialysate with
6 N HCT at 105 for 16 hr. Amounts ol free and
dialysable total hydroxyproline formed during incu-
bation were calculated by subtracting the values of
the non-incubated samples from those of incubated
samples. respectively. The amount of dialysable total
hydroxyproline formed was used as an index of tissue
collagenolvtic activity.

Fractionation of tissue collagen. An aliquot (1.0 g)
ol minced granulation tissue wus homogenized in 30
ml of ice-cold | M NaCl with a Vir-Tis homogenizer.
The homogenate was shaken for 2 davs at 4 and
then centrifuged at 8000 ¢ for 20 min at | . The pre-
cipitate was suspended in 30 ml of I M NaCl and
the extraction was repeated three times. The superna-
tants were pooled and filtered. The filtrate was
referred to as neutral salt-soluble collagen (NSC). In-
soluble collagen (IC) was obtained as gclatin by
autoclaving the residue remaining after NSC extric-
tion with 30 ml of distilled water at 120 for 60 min.
The gelatinization was repeated twice.

The abdominal skin collagen of the rats which had
the granuloma was also fractionated into NSC and
IC by the procedure desceribed above.

An aliquot of cach fraction (NSC and 1C) was hyd-
rolyzed with 6 N HClat 105 for 16 hr. Total hvdroxy-
proline in the hydrolysate was mecasured by the
mcthod of Kivirikko ¢r al. [9].
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CM-Cellulose chiromatography. A granuloma pouch
was induced in male Sprague Dawley rats weighing
130 130 g by the method already described. p-Penicil-
lamine and BAPNI treatments were similar except
that D-penicillamine (40 mg 100 ¢ body wt. equivalent
o approximately 8O mg per rat) together with pyri-
doxme HCT (I mg 100 g body w) was mjected daily
into the granuloma pouch for 8 days.

NSC was extracted by a method similar to that
deseribed above and then FC was further fractionated
by using 5 M guanidine. Brietly. the residue remaining
after NSC extraction was suspended in 30 ml of 3
M guanidine HCL (pH 7.5). Guanidine extraction was
carried out by shaking for 4 days at 4 followed by
centrifugation. The extraction was repeated twice,
NSC and  guanidine-soluble  collagen (GSCY were
obtamed as precipitates after the extracts were dia-
Iysed against running tap water (16 18 ) overnight
and then agamst distilled water at 4.

An aliquot of the precipitate (NSC or GSCY was
dissobved in 10 ml ol 0.1 M acetic actd and then dia-
Ivsed agamst 0.06 M sodium acetate (pH 4.8). The
diatysate was heated at 45 for 30 min and centrifuged
at 20,000 ¢ for S min. The supernatant was chromato-
graphed on a column (16 = 110 mmy of CM-cellulose
(Whatman CM-32) at 40 0.06 M sodium acetate
(pH 4.8). Elution was achieved with a linear gradient
of NaCl from 0 to 0.1 M over a total volume of
400 ml at a flow rate of 60 ml-hr. Absorbance of
cach fraction (4 mh was measured at 230 nn.

Dise electrophoresis. Samples were dialysed against
0.01 M NaH-,PO, (pH 7.2) containing 1 M urea and
denatured at S0 for 30 min. Electrophoresis of the
denatured samples in sodium dodeeyvl sulfate acryla-
mide was performed as described by Furthmayr and
Timple L10] in 37, gels for 3 hr at 5 mA per tube.
Gels were staimed for 60 min in Coomassic Brilliant
Blue and destained iy 77, acetic acid.

RESULTS AND DISCUSSION

Enhancement of collugenolytic activity by BAPNY.
Collagenolyvtic activity  of granulation  tissue  was
determined by measuring the amount of dialysable

hyvdroxyvproline formed during incubation in vitro of

the minced granulation tissue. sinee 1t was demon-
strated in a previous paper [ 7] that this reflects the
degradation of tissue collagen in vivo. As shown in
Table 1. BAPNI increased the amounts of free and
dialysable  total  hyvdroxyproline.  suggesting  that
BAPN{ enhanced collagen breakdown of granulation
tissuc in viro. In accordance with these results, Martin
et al. [117 found increased urinary exeretion of hyvd-
roxyproline in BAPN-wreated vats.

The solubility of collagen in granulation tissue was
markedly increased by BAPNIE treatment (Table 1.
The CM-celulose chromatographic pattern of the
NSC (Fig. 1) showed that the collagen extracted with
I M NaCl consisted almost exclusively of z com-
ponents, with a small amount of f#,; component. sug-
gesting that BAPN{ inhibited the formation of cross-
links of collagen m granulation tissue.

Effect of D-penicillamine on granulation tissue col-
lagen. As shown in Table 2. the collagenolytic activity
of granulation tissue was not affected by p-penicilla-

mine treatment. The increase in the solubility of
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Table 1. Eflect of f-aminopropronitrile fumarate on the
collagenolytic activity and the solubility of collugen of
sranulation tissue 1 rats
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Results are means + S.E.M.

Values significantly different from controls: *P - 0.03

“P < 0.01.

granulation tissue collagen was relatively shght (Table
2) and 7 components of the NSC were also shightly
increased (Fig. 1), suggesting that the cross-link for-
mation was slightly inhibited by p-penicilfumine. On
the other hand. p-penicillamine markedly inereased
the solubility of skin collagen (Table 2). Bailey e af.
[12] demonstrated that granuluation tissue collagen
possesses a4 more stable aldimine cross-link (dihyd-
roxylysinonorleucine [13] as a major cross-tink after
reduction) which s not present to any  significant
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Fig. 1. CM-Ccllulose chromatograms of NSC from granu-

lation tissues of control. BAPN{- and  p-peniciliamine-

treated rats. The conditions of chromatography are de-
seribed i the teat



Effect of p-penicillamine and f-aminopropionitrile in rats

Table 2. The collagenolytic activity of granulation tissue
and the solubility of skin collagen and granulation tissue
collagen from rats treated with p-penicillamine

»-Penicillamine

Control treatment

No. of rats 7 7
Net body wt (g) 1420 + 5.2 P39 £ 3.2
Granulation tissue, wet wi (g) 421 4 0.32 325 4 057
Collagenolytic activity of

granulation ussuc: R
Free hydroxyproline formed (ug) 17.57 £ 114 17.08 + 0.70
Dialysuble total hydroxyproline 2506 + 204 24.20 4 1.66

formed (ug)
Collagen content of granulation

tissue (mg hydroxyproline in

entire tissue):
Total collagen 3130 £ 0.370 4174 + 0910
NSC 1.249 + 0.093 1229 » 0232
¢ 3R%1 4 0205 2943 = 0683
NSCAC = 100" 340 = 2.0 434 0 o
Collagen content of skin (mg

hydroxyproline g wet wt

of sking;
Total collagen 10.586 + 0.73% NAE RSN ER
NSC 4785 £+ 0.306 S8 4 0476
IC 5801 + 0.436 3605 + 0137t
NSCTC x 100", 836 + 34 P40 4 15 0%

The results are means + S.E.M.

Values significantly different from control: *P < (.05,

tP < 0.01.

cxtent in normal subcutancous skin collagen. It is
proposed by Deshmukh and Nimni [14] that the
cross-linking inhibition caused by p-penicillamine in-
volves a reversible interaction with the aldehydes
present in o chains of tropocollagen to form a thiazo-
lidine type complex, while BAPN has a capacity to
inhibit the activity of an amine oxidase which con-
verts lysyl residues of # chains into corresponding
o-semialdehydes, aldehydic cross-link precursors [ 15].
These results suggest that the differences in the solubi-
lity of skin and granulation tissue collagen from rats
treated with BAPNY or p-penicillamine are based on
the differences in the nature of collagen cross-links
in these tissues [16] and in the mechanisms of action
of both the drugs.

CM-Cellulose chromatography of guanidine extracted
insoluble collugen. Approximately 209, of 1C was solu-
bilized by 5 M guanidine extraction. After dialysis
of the GSC fraction against running tap water
(16 18) and then against cold distilled water (4 ). the
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Fig. 2. CM-Cellulose chromatograms of GSC from granu-

lation tissu¢ of control rats. The GSC was obtained by

dialysis of GSC fraction against (top) running tap water

(16 18) overnight or (bottom) cold distilled water (1)

Purified rat tail tendon collagen was chromatographed as

a standard sample. . GSC: - - - — purified rat tail
tendon collagen.

resultant precipitate was chromatographed on a CM-
cellulose column. As shown in Fig. 2. the CM-cellu-
lose chromatographic pattern of GSC was clearly dif-
ferent from that of NSC (Fig. 1). No differences were
observed in CM-cellulose chromatographic patterns
of GSC from control, BAPNf- and p-penicillamine-
treated rats. Each peak labeled I-VI in Fig. 2 was
examined by clectrophoresis in sodium dodecyl sul-
fate acrylamide in order to clarify the nature of the
peaks. The results are shown in Fig. 3 and 4. Peaks
I and IT were mixtures of degradation products of
% chains. Peaks HI, V and VI corresponded to «l,
f1> and 22 components, respectively. This result was
supported by the elution pattern of CM-cellulose
chromatography of purified rat tail tendon collagen
(Fig. 2). There were no differences in the peaks from
control, BAPN{- and n-penicillamine-treated rats.
However, peak 1V of each group gave a characteristic

m v v VI

Fig. 3. Sodium dodecy! sulfate acrylamide gel clectrophoresis of the peaks isolated by (M-cellulose
chromatography of GSC from granulation tissuc of control rats. Peaks 1-VI labeled in Fig. 2 were
examined by disc electrophoresis. The standard (purified rat tail tendon collagen) is on the left.
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Fig. 4. Sodium dodecyl suifate acrylamide gel electrophoresis of peak IV isolated by CM-cellulose
chromatography of GSC from granulation tissues of control. BAPNI- und p-penicillfamine-treated rats.
The standard (purificd rat il tendon collagen) is on the lelt.

pattern upon clectrophoresis in §7,, sodium dodecyl
acrylamide gels. As shown in Fig. 4. peak IV from
control and b-penicillamine-treated rats gave a simi-
lar pattern on disc clectrophoresis. The components
of peak 1V migrated a little faster than ff components,
suggesting that the molecular weights were lower than
those of ff components. Peak TV from BAPNf-treated
rats (Fig. 4) had an additional more rapidly migrating
component as a main band. The components pre-
sented mm peak 1V may be formed by limited proteo-
lysis of f# or v components. The finding that peak
IV from BAPNf-treated group had a lower molecular
weight component than those from the control and
p-penicillamine-treated groups may reflect the inhibi-
tion of cross-link formation and the enhanced degra-
dation of the tissue collagen by BAPNI( treatment,
In order to clarify 2 possibility that a limited pro-
teolysis of GSC may have occurred during dialysis
against running tap water (16 18 ). part of the GSC
fraction was dialvsed against cold distilled water at
1. As shown in Fig. 2, the CM-cellulose chromato-
graphic pattern of the GSC dialysed against cold dis-
tilled water was similar to that of purified rat tail
tendon collagen and peaks L 11T and IV were not
found. It can be presumed therefore. that some pro-
teolytic enzymes are present in the GSC fraction and
a limited proteolysis of collagen may have occurred
during dialysts of GSC against running tap water.
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